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(54) Title: KIT FOR RADIOLABEUNG PROTEINS WITH YTIRIUM-90 
(57) Abstract 

Methods and kits for riadiolabeling proteins and peptides with radi- 
olytic isotopes, particularly yttrium-90. are disclosed, whereby sufficient 
purity, specific activity and bindmg affinity arc achieved such that the radi- 
olabeled protem may be direclty administered to a patient without further 
column purification. Such kits and methods will be particularly useful in 
bringing radioimmunotherapy to the hospital and outpatient setting for. the 
treatment of cancer. 
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Est for Radiolabelmg Proteins vnOi Yttriiim-90 
FMd of tile laventioii 

The present invention relates to kits and methods for radiolabeling proteins 
and peptides widi fiierapeatic radioisotopes such feat these radiolabeled proteins 
5 maybeadministereddirectly to patients withontflie need for additional 

purification. Such kits and mefliods are particnlarly ^Ucable to labeling proteins 
and pq)tides wifli yttrimn-90 (»Y). By optimizing the radiolabeling protocol such 
fliat no farther purification of the radiolabeled piotem is required, the present 
mvendoa has satisfied a long-felt need in die art by solving the persistent problem 
10 of how to provide yttrium-labeled drugs m a user-ftiendly format sudi tiiat tiiese 
drugs may be easily prepared and administered m flie hospital or outpatient setting. 

Technology Background 

All publications and patent applications herein are incorporated by 
reference to the same extent as if eadi individual publication or patent application 
15 was specifically and individually nidicated to be mcoiporated by reference. 

Radiolabeled proteins, particularly antibodies, have beai undergoing 
evaluation for many years as potential diagnostic and tiier^eutic reagents. Such 
reagents are thought to be particnlarly useful as cancer flierj^eutics, now tiiat 
20 researchers are beginning to identify tumor-spedfic antigens and cognate ligands 
or antibodies which buid to sudi antigens. By administering a radiolabeled ligand 
or antibody which has binding specificity for a tumor-specLBc antigen, coupled to a 
radioisotope that has a short range, high energy and abundant particle emission, 
one has the potential to deliver a lethal dose of radiation directiy to the tumor cell. 
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DcpendiiLg on the particie range of lie particular isotope, labels may be 
chosen based oa their suitability for targeting a particular type of cell. For 
instance, gamma emitters are generally used for diagnostic purposes, i.e., 
visualizing tumors, but are graerally ineffective as Hlling agents. In contrast, 
alpha and beta emitters may be used to effect ceUkilli^ A^)ha emitters may be 
particularly useful for blood-bom diseases or vascular tumors where they can 
achieve good peaetration; although one particle emission in some cases may be 
enough to effect cell killmg, typically alpha emitter must be located right at the ceU 
surfece. In contrast, beta emitters, i.e, , are particularly suitable for bulkier, 
more locaUzed disease because they typically have a longer emission range. 

Yttriran-90-labeled antibodies and peptides in particular have shown 
encouraging results in clniical therapy protocols (Thomas et aL 1995. Gamma- 
interferon administration after ^ radiolabeled antibody ther^y: survival and 
hematopoietic toxicity studies. Int. J. Radiat Oncol. Biol. Phys. 31: 529-534; 
DeNardo et al. 1995. Yttrium-90/Indium-lll DOTA peptide chnneric L6: 
pharmacokinetics, dosimetry and initial therapeutic studies in patients with breast 
cancer.. J. NucL Med. 36: 97P). Such conjugates are usually made by coupUng a 
bifimctional chelator to the protein or antibody, then conjugating the radiolabel to 
the protein construct via tiie bifimctional chelator. For instance, copending 
applications 08/475,813, 08/475,815 and 08/478,967, herem incorporated by 
reference, describe radiolabeled therapeutic antibodies for the targeting and 
destruction of B cell lynq)hon3as and tumor cells. Particularly disclosed is the 
Y2B8 conjugate, which comprises an anti-human CD20 murine monoclonal 
antibody, 2B8, attached to ^ via a bifuncdonal chelator, MX-DTPA. 

Patents relating to chelators and chelator conjugates are known in the art. 
For instance, U.S. Patent No. 4,831,175 of Gansow is directed to polysubstituted 
diethylenetriaminepentaaceticacid chelators and protein conjugates containing the 
same, and mediods for their preparation. U.S. Patent Nos. 5,099,069, 
5,246,692. 5,286,850, and 5,124,471 of Gansow also relate to polysubstituted 
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DTPA cuelaiofs . As described in Kozak et al. , several DTPA chelating agents, 
including MX-DTPA, have been shown to be suitable for yttrium-monoclonal 
antibody radioimmunotherapy (1989. Nature of the bifimctional chelating agent 
used for radioimmmotherapy with yttrium-90 monoclonal antibodies: Critical 

5 factors in determining in vivo survival and organ toxicity. Cancer Res, 49: 2639- 
2644), These references are incoiporated herem in their entirety . 

Yttrium-90 is particularly suited for radioimmnnotherapy and radiopeptide 
therapy for several reasons. The 64 hour half-life of ^ is long enough to allow 
antibody accumulation by the tumor and, unlike e.g., it is a pure beta emitter 

10 of high energy (E max 2.27 MeV) with no acconqjanying g amma irradiation in its 
decay. It's particle emission range is 100 to 1000 cell diameters, whidi is a 
sufficiently minrma] amount of penetrating radiation that outpatient fldminTg tTatrrtTi 
would be possible. Furthermore, internalization of labeled antibodies is not 
required for cell killmg, and the local emission of ionizing radiation should be 

15 lethal for adjacent tumor cells which might lack the target antigen. 

However, despite the recognized utility of yttrium-labeled antibodies and 
the encouraging clinical results with some yttrium-labeled therapeutics, many 
patients are deprived of tiie benefit these therapeutics might offer because of the 
inherent difficulties m conducting both the radiolabeling and administratbn at a 

20 single location. This significant problem is evident m the nearly complete void of 
kits and products which enable on-site labeling of reagents with alpha and beta 
emitting radioisotopes, which might otherwise demonstrate the commercial 
appUcability of siuch technology. 

The problem with providing kits for radiolabeling and subsequent 

25 administration of therapeutics labeled with destructive isotopes appears to be the 
long-existing belief in die art that, before such therq)eutics could be administered 
to a patient, an extensive purification process was required to remove unbound 
label so as not to expose the patient to free radioisotope which might accumulate in 
the bone and other non-target organs. Even those kits currently available for 
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labelisg antibodies wiui yuiium require a complicated purification step before the 

ther^eutic is ready for administration. 

For instance, Antisoma currently offers a kit for radiolabding monoclonal 

antibody HMFGl (Theragyn®) with ^ for subsequent administration to patients 
5 who have been diagnosed with ovarian cancer. An extended phase I-II study 

demonstrated that this treatment may be particularly beneficial to patients as a 

follow-up to conventional surgery and chemotherapy (Hird et al. 1993. Adjuvant . 

therapy of ovarian cancer with radioactive monoclonal antibody. Br. J. Cancer 68: 

403-406). Yet Antisoma's labelmg method requires removal of unbound label by 
10 Sephadex G50 gel filtration, which is a significant deterrent to the Theragyn® 

labeling kit achievnig commercial success, as well as an obstacle for ensming diat 

this therapy is readfly available for all ovarian cancer patients for whom it might 

serve to benefit. 

The fact that such reagents currently require colimm purification before 
15 adminis tration has been and will continue to be a major deterrent in their 
availability to all patients who could benefit from such technology unless a 
simplified method is presented tiiat allows physicians to quickly, efficiently and 
safely administer such reagents. For instance, a doctor in an outpatient setting 
does not have the tune or fecilities to purify a reagent by HPLC or gel filtration 
20 chromatography before administering the reagent to his patient. This means that 
additional facilities must be available on site for concurrent production of the 
reagent and immediate delivery to the doctor, which drastically increases the cost 
of the therapy and in some cases might reqmre a padent to travel a significant 
distance to receive the thers^y. Alternatively, the drug could be labeled off-site. 
25 which would require prior prq)aration and at least a short-term storage of the 
therapeutic. This not only has the effect of decreasing the strength of the 
radioisotope through radioactive decay during storage, but also leads to significant 
damage to the structural integrity of the protein by overexposure to the 
radioisotope. 



wo 00/52031 



PCT/USOO/05078 



-5- 

For iastance, mai^r reports have discussed the radiolytic nature of and 
similar radioisotopes (i.e., Salako et al. 1998. Effects of radiolysis on yttrinm-90- 
labeledLym-1 antibody preparations. J. Nncl. Med. 39: 667-670; Chakrabarti et • 
al. 1996. Prevention of radiolysis of monodonal antibody during labeling. J. Nucl. 
Med. 37: 1384-1388). As noted in Chakrabarti et al., radionuclides sudi as *Y 
deliver a large amount of radiation to the antibody during the labeling process as 
well as daring storage. Radiation has reportedly led to instances of significant 
antibody damage, which can elnninate preferential targeting of tumor cells wd 
e}ipose non-target tissues to significant levels of toxicity. 

The mechanism tor radiation damage has been attributfid to the generation 
of free radicals CPizzarello. 1975. Direct and indnect action. hL- KzzareUo and 
Witcofski, eds. Basic Radiation Biolnpy 2"" ed. Philadelphia: Lea & Febger. pp. 
20-29). But as noted m Salako etal., at an energy of 2.2 MeV. the beta particles 
emitted from "*Y could easily break most dhemical bonds indoding the disulfide 
bridges of an antibody, which have a bond strength, of only 4.4 eV (Skoog. 1985. 
Principles of TnstnmnRTital AnalyciQ, ^^^j, ,San Fmnri-irn- Snimdcrr). Thus, 
the shorter the amount of time that die protein to be labeled is e:q)osed to 
destructive radioisotopes such as '^Y, tiie better flie chances will be tiiat the protem 
will mamtam flie structural integrity and binding specificity it requires to interact 
witii the target antigen up until the time it is admmistered and reaches the target 
site. 

The radiolytic naoire of '"Y has been known in the art for years and many 
have tried to solve the problem presents in the commercial application of these 
then^jeutics. For instance, botii Salako et al. and Chakrabarti et al. evaluate die 
use of radioprotectants in '°Y-labeled antibody preparations as a means to decrease 
damage to the antibody. Salako et al. m particular reported tiiat human serum 
albumin enabled maintenance of *Y-labeled antibody umnunoreactivity for iq) to 
72 hours. However, tiie specific activity exhibited by Salako's preparations was ' 
ratiier low Gess than 2 mCi/ml). Moreover, neitiier Salako nor Chakrabarti report 
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any effort to forego the extensive puriSeatiou processes required after antibody 
labeling. Salako et al. labels for a period of 45 minutes to an hour, then purifies 
the antibody by molecular sieve chromatography, whereas Chakrabarti labels for 
nearly three hours and purifies by gel fltration chromatography. Neither of these 
5 methods will be mstrumental in brmgmg «>Y-Iabeled therq)eutics to the out-patient 
setting. 

Chinol and Hnatowich were able to achieve 90% radiochemical purity for 
*Y-labeled protenis with spedfic activities rangmg from 1-3 mCi/mg absent post- 
labeling purification, using their own generator-produced '"Y (1987. Generator- 
10 produced yttrium-90 for radiommmnother^y. J. Nucl. Med. 28(9): 1465-1470). 
However, the authors eqjressly disanirage administering preparations having less 
than 95% purity to patients, and suggest that HPLC may be an nnportant and 
"possibly essential" step. 

Those who have recognized tiiat HPLC and other types of purificadon must 
15 be eliminated in .die outpatient and hospital setting have not succeeded m 

developing a sufBcient labelmg protocol for *"¥ such diat a high level of label 
incorporation is adiieved and an acceptable level of antibody stabilfty is 
maintamed. If a high level of radioincorporation is not consistently achieved, the 
patient could be exposed to unacceptable levels of free non-bound radiolabel if this 
20 label is not purified away firom tiie reagent. Moreover, again, if antibody 

structural integrity is damaged such that the antibody loses target specificily, such 
reagents wUl not bmd specifically to their cognate ligands. 

Mather and colleagues set out wifli the purpose of labeling tumor-specific 
antibodies with '"Y m a manner such that post-labelmg purification could be 
25 avoided (1989. Labelmg monoclonal antibodies with yttrium-90. Eur. J. Nucl. 

Med. 15: 307-312). However, Madier found that high labeling efficiencies (over 
95%) could only be achieved at modest specific activities (1 mCi/mg). Moreover, 
Mather et al. reports that their antibody preparations showed signs of breakdown 
(due to radiolysis) after only a few hours. This may be because Mather et al. , as 
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do many clhsrs ia fee Sdd, eonducted their iabellng reaction over a period of one 
hour. 

For exan^le, there have been niethods proposed for labeUng protein 
reagents wifli less destructive labels such as "'In which forego additional 
5 purification steps. Richardson et al. propose such a procedure for labelmg 
antibodies with "»In with the goal of fedlitating a kit format for diagnostic use 
(Richardson et al. 1987. Optimization and batch production of DTPA-labeled 
antibody kits for routine use k '"In hnmunoscmtography. Nud. Med. Comm. 8: 
347-356). However, the labding method pnqwsed in Richardson et al. is 

10 conducted over a period of one hour, which might be feasible witii '"In which is 
not very radiolytic, but does not appear to be amenable to ^ labelmg appUcations 
as evidenced by die difficulties rq)orted in Mather et al. 

This brings us to the surprising and iine;5)ected advantages of the present 
mvention, whidi provides mvaluable msight into the process of radiolabeling 

15 proteins wifli '"Y which has not been yet been recognized by otiiers in the art. 

Surprisingly, the present mventors have found that the processes of HPLC or other 
purification steps that otiiers have long thought to be necessary to achieve pure 
reagent, and die lengthy mcubation times whidi others have adopted in an effiirt to 
mcrease the specific activity of tfaeur reagents, are actuaUy detrimental to the 

20 process of preparing ^-labeled reagents . Such thne-inclusive processes serve 
only to increase the damage to die protem due to radiolysis, leading to less 
specificity and an mcreased rate of protein degradation by die time the radiolabeled 
protein is ready for injection. Surprismgly, die present mventors have found fliat 
efficient labeUng with '"Y (>95% mcorporation and at least 15 mCi/mg specific 

25 activity) can be accomplished in as little as two to five mmutes, and in fact such 
labeling loses its efficiency as reaction times are ino^ased beyond even eight 
minutes. 

The feet fliat labelmg with *Y may now be achieved by the methods of the 
present invention in as littie as two minutes will conipletely dissolve the current 
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skepticisiii in uae field toward the ^piicability of yttrium radiolabeling kits in 
hospital and outpatient settings. The kits of the preseiitf invention will therefor 
finally satisfy the long felt need fliat has perh^s been recognized by many cancer 
patients and doctors alike with regard to the commercial applicability and 
5 accessability of protein-based, radiolabeled cancer therapeutics. 

Summary of the Inventioa 

The present mvention concerns m^ods and kits for radiolabeUng a 
chelator-conjugated protein or peptide with a therapeutic radioisotope for 
administration to a patient The methods of the present invention essentially 
comprise (i) mixing the chelator-conjugaled protein or peptide with a solution 
comprising the radioisotope or a salt thereof, and (ii) incubating the mixture for a 
sufficient amount of tme under amiable conditions such that a radiolabeled protein 
or peptide having sufficient purity, i.e., level of radioincorporation, specific 
activity and binding specificity is achieved such that the radiolabeled antibody may 
15 be administered direcfly to the patient without further purification. 

The kits of the present invention essentially comprise (i) a vial contaming 
chelator-conjugated protein or peptide, (ii) a vial cx)ntaining formulation buffer for 
stabilizing and administering the radiolabeled antibody to a patient, and (iii) 
instructions for performing the radiolabeling procedure^ such that 
20 when the chelator-conjugated protein or peptide is exposed to flie radioisotope or a 
salt thereof for a sufficient amount of time under amiable conditions as 
recommended in said instructions, a radiolabeled protein or peptide havmg 
sufficient purity , specific activity and binding specificity is achieved such that the 
radiolabeled antibody inay be diluted to an appropriate concentration in said 
25 formulation buffer and administered direcfly to the patient without further 
purification. 



Brief Description of the Drawings 
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Figure i. A) SB cells were washed and resuspended to 90 X 10^ cells/mL 
with dilution buffer (IX PBS, pH 7.4 contaming 1% (w/v) bovine serum albumin. 
Increasing concentrations of cells were incubated for 3 h witii 2 ng/mL Y2B8 
prepared using 2B8-MX-DTPA lot #0165A. B) Double-inverse plot of ceU 
concentration vs. bound radioactivily/total radioacdvity (B/AT). Iimminoreactivity 
was calculated as l/y-intercept x 100. Immunoreactivity and correlation 
coefBcient (R) values were 72.2% and 0.999, respectively. 

Detailed Descriptioii of tfie Inyention 

Unless defined otherwise, all technical and scientific terms used herein 
have the same meaning as commonly understood by one of ordinary skill in die art 
to which this invention belongs. Although any mefliods and materials similar or 
equivalent to those described hereui can be used m the practice or testing of the 
present invention, the preferred methods and materials are described. 

The present invention includes a method for radiolabeling a chelator- 
conjugated protem or peptide with a ther^eutic radioisotope for administratipn to 
a patient comprising (i) mixing the chelator-conjugated proteui or peptide with a 
solution comprismg the radioisotope or a salt thereof, and (ii) incubatmg the 
mixture for a sufficient amount of time under amiable conditions such that a 
radiolabeled protein or peptide having sufficient purity, i.e., level of 
radioincorporation, specific activity and binding specificity is achieved such that 
the radiolabeled antibody may be administered direcfly to the patient without 
further purification. "Further purification*' includes HPLC, gel filtration, other 
types of column chromatography and any other separation technique which is 
employed with the purpose of removmg free or bound unconjugated radiolabel. 

The methods of the present invention are particularly applicable to 
therapeutic radioisotopes which are typically radiolytic and therefor potentially 
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dangerous to the structural Mesdty of the protem. Such aierq)eatic radioisotopes 
are generally selected from tbe group consistmg of alpha and beta eraitters. 
Preferred tfaer^eutic radionuclides include ^Pb, ^^Pb ^"Bi ^°^d ^Cu, ^^Cu, ^ 
"Br, ^"At, "Ru, ^°5Rh, i«SAuand ^Ag or '"Lu. Other radionuclides whichhave 

5 therapeutic utmty are descnlsed in U.S. Pairat 5,541,287, herein 

reference. Particularly preferred radionuclides are strong beta radiation en^ 
which may cause mtramolecular decpmpositioii, such as ^Cu, "^I, *^Re and 
^*^Re. Although a "ther^eutic" radioisotope generaUy refers to ra^ 
as beta and gamma emitters wMch have a cytotoxic affect, to the exte^ 

10 radioisotopes may also be used for diagnostic purposes, such purposes do not 
remove these isotopes from the scope of the present invention because it is tiie 
radiolytic nature of these isotopes which renders them suitable for the disclosed 
methods and kits. 

The methods of the present mvention may be used to label proteins or 

15 peptides, particularly those \s^ere structural mtegrity must be maintained for target 
specificity. Preferred proteins are antibodies or antibody fragments, such as Fab, 
(Fab)2, and Fv fragments, which recognize tumor specific or tumor-associated 
antigens. Preferred peptides include somatostatin, vasointestmal peptide (VIP), 
substance P and others which bind to cellular receptors. Such peptides and 

20 chelator-conjugated derivatives of such peptides are disclosed m U.S. Patent No, 
5,830,431, herein incorporated by reference. 

A "sufficient incubation time" as referenced in the methods of the invention 
is the acceptable time range during which sufficient radioincorporation and 
radiodiemical purity are achieved such that die reagent may be administered 

25 directiy to a patient without the need for farther purification. Sufficient 

radioincorporation and purity is generally recognized in the art to be at least 95%, 
but may vary depending on die toxicity of the label. It should also be apparent to 
those of skill in the art that the extent of radiomcorporation considered to be 
sufficient is also a function of the desired level of efficacy. For and 
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particularly the ^-labeled astibodies of the prescni inventioii, sucli sufficient time 
may be generally less than about eight minutes, and more preferably between 
about two to about five minutes, given an amenable molar ratio of chelator to 
protein in tJie chelator-conjugated protein to be labeled. 

It should be apparent to those of skill in the art that the optimum time 
reqdred for labelmg a specific protein may vary depending on the protem, the 
particular radiolabel and the particular conjugate employed. An underlymg factor 
in the optimization of the time allotted for radiolabeling is the chelator to protem 
ratio of the reagent whidi is to be labeled. For instance, the chelator to protein 
ratio must be high enough to achieve a therapeutically useful level of 
mcorporation, i.e. , 95 % , but must also not be too high such that the structural 
integrity or inmionoreactivity of the protein is compromised. This rec[uires a 
certain balancing process that in some cases may lead to a lower level of 
conjugated chelator and longer labeling time. 

For instance, die present inventors have discovered that labeling with ^ to 
the desnable level of purity may be accomplished in under five minutes using MX- 
DTPA as a chelator and only about a 1% to 1 molar ratio of chelator to antibody. 
Although the chelator to antibody ratio could actually be increased, this was not 
necessary because a desirable level of radioincorporation and specific activity was 
achieved after a short labeling period. Given this discovery, parameters such as 
chelator to protein concentrations could be readily determined by empirical means 
by those of skill in the art for other protems and peptides, depending on the 
therapeutic label of choice, the choice of chelator the number of sites available for 
chelator attachment, susceptibility of the protem to radiolysis, desired level of 
efficacy, etc. 

Any bifimctional chelator may be used in the method of the present 
mvention so long as it is capable of binding to both the protein and radioisotope of 
mterest. Preferred chelators may be selected from the group consisting of MX- 
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DTPA, phenyl-DTPA, hmTyl-DTPA, CHX-DTPA, BOTA and derivatives 

thereof. A pardcularly preferred chelator is MX-DTPA. 

"Amiable conditions'* as referenced m the present methods include 

acceptable tenq)erature, pH and buffer conditions. It should be apparent to those 
5 of skill hi the art that reaction conditions should not be chosen that are mhibitory 

or otherwise not conducive to the labeling reaction. Lewis et al. discusses reaction 

conditions to be considered when radiolabeUng nmnunoconjugates, and is herein 

mcorporated by reference (1994- A facile, water-soluble method for modification 

of protems with DOT A. Use of elevated temperature and optimized pH to achieve 
10 high specific activity and high chelate stabihty m radiolabeled immunoconjugates. 

Bioconjugate Cheni- 5: 565-576). 

An acceptable tenqierature for the reaction may vary depending on the 

protein to be labeled, but in general ranges from about 25°C to about 43°C. 

Lewis et al. have found that increasmg the tenq)erature of tlie radiolabeling 
15 reaction from 25 to 43 °C increased both the efficiency of radiometal 

mcorporation and the kinetic stability of the DOTA radioconjugates examined. 

An acceptable pH may vary considerably dependmg on the radiolabel to be 

used. The recommended pH for labelmg witii different radionuclides is generally 

known in the art and may be chosen accordingly m view of the radioisotope. For 
20 mstance, for an acceptable pH may range from about 3 to about 6, but is more 

preferably about 4.2. 

Acceptable buffers will also vary depending on the particular radiolabel. 

For instance, Lewis et al. and others have found that the presence of citrate 

mhibits labeling reactions with *Y. Thus, citrate buffer would not be appropriate 
25 if the ^ were die chosen radiolabel. When labeUng witii the preferred buffer 

is an acetate buffer, and more particularly a sodium acetate buffer at a 

concentration of between about 10 and about 1000 mM. 

If it does not mhibit or otherwise adversely affect the labelmg reaction, it 

may also be possible for a benign (non-adverse) radioprotectant to be included in 
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ths reaction buffer. According to Chakrabarti, ascorbic acid is one such 
radioprotectant which does not interfere with the labeling process. Caution should 
be exercised, however, when enqjioymg human serum albumm m the labeUng 
reaction due to the presence of metals which would mterfere with the labeling 
S process. 

Because the present mvention concerns radiolabelmg protems with 
particularly radiolytic isotopes, there may be a certain balance between bmdmg 
specificity and specific activity that the skilled artisan may encounter when 
practicing the methods of the present invenlion. For instance, when specific 

10 activity is veiy high (i.e., suitably over 5 mCi/mg. preferably over 10 mCi/mg and 
more preferably over 15 mCi/mg), a protein construct having the desired bindmg 
specificity will have a significant k i lli n g capabiUty at the region of the tumor. 
However, the portion of protems m the population as a whole which retain their 
unmunoreactivity may be lower than a population having a lower specific activhy 

15 duetoradiolysisoftheradiolabel. Depending on the desired level of specific 
activity, the skilled artisan may dioose to con5)romise a certam level of 
immunoreactivity. 

For mstance, the present inventors have fomid that, with *Y, when an 
antibody is labeled to a specific activity of about 15 mCi/mg, die binding 

20 specificity or immunoreactivity of the protein is generally at least about 70% . 
This of course may vary dependmg on the sensitivity of the antibody and the 
radiolytic nature of tiie radioisotope employed, and may be manipulated by the 
skilled artisan if a higher level of unmunoreactivity or specific activity is desired. 
The present mventors have achieved specific activities with *Y of up to about 20 

25 mCi/mg. Bmding specificities of at least 50% are desirable for therapeutic 
applications. 

Copending appUcations 09/ and 09/ . co-owned and 

submitted concurrentiy herewith, disclose binding assays which may be used to 
assess die percent binding afiinity and unmunoreactivity of conjugates after 
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labelisg if desirable. It should be stressed that, although no fiirther purificatioa is 
required after the labeling methods of the present invention, a TLC-based assay to 
verify the level of radiomcoiporation should always be performed so as not to 
jeopardize the health of the patient. Such an assay can be performed in about 3^ 
minutes, and shoxdd not significantly affect the stabiHty or efBcacy of the 
radiotherapeutic. 

The present invention also nicludes kits for radiolabeling a chelalor- 
conjugated protein or peptide with a therapeutic radioisotope for administration to 
a patient con5)rising © a vialconlaining chelalor-conjugated protein or pq)tide. 
Cii) a vial containing formulation buffer for stabilizing and administering the 
radiolabeled antibody to a patient, and (iii) instrucdons for performing the 
radiolabeling procedure, such that when the chelalor-conjugated protein or peptide 
is exposed to die radioisotope or a salt thereof for a sufficient amount of time 
under amiable conditions as recommended in said mstructions and described 
further above, a radiolabeled protein or peptide having sufficient purity, specific 
activity and binding specificity is achieved such that the radiolabeled antibody may 
be diluted to an qjpropriate concentration m said fommlation buffer and 
administered direcfly to the patient wifliout further purification. Said chdator- 
conjugated protein or peptide may be siqjpUed m lyophilized form. 

It should be understood fliat the Kts of the present mvent are designed to 
acconq)Ush die mediods described herem and may therefor be used for that 
purpose. Accordmgly, it should be parent to those concerned when reading die 
mvention that the kit instructions wiU be based on the methods described above, 
and that the considerations addressed above have the same relevance and m^anma 
25 when considered in view of the kit embodhnent. Additionally, it should be 

apparent upon reading the disclosure as a whole that alternative kit embodhnents 
are encompassed in die present invention which may contain components such as 
an acetate buffer for adjusting the pH of the radiolabel as described above. 



15 
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A particujariy advantageous component of the kit is the formolation buffer- 
for stabilizing against the e&ects of radiolysis and administering the radiolabeled 
conjugated antibody to a patient. The formulation buffer is a pharmaceutically 
acceptable carrier which serves as both a dihient for the labeled antibody and an 
5 administration buffer. Although any pharmacendcany acceptable dihient may be 
used for admmistering therapeutic or diagnostic antibodies to patient, the 
formulation buffer of the present invention is particularly suited for administering 
radiolabeled antibodies. 

For mstance, the formulation buffer of die present mvention conq»rises a 

10 radioprotectant such as huinan serum albunim(HSA) or ascorbate, which nunin^ 
radiolysis due to yttrium and other strong radionuclides. Other radioprotectants 
are known m the art and could also be used m the formulation buffer of the present 
invention, i.e., ftee radical scavengers ^phenol, sulfites, glutathione, cysteme, 
gentisic acid, nicotinic acid, ascorbyl pahnitale, H0P(:O)H2, glycerol, sodhnn 

15 formaldehyde sulfoxylale, NajSzOj, NajSjOj, and SO2, etc.). 

The formulation buffer of die present invention also comprises excess 
unconjugated chelator. The purpose for mcluding unconjugated chelator is tiiat 
this chelator serves to scavenge any non-protein bound radiolabel in the patient, 
and causes excretion of the radiolabel thereby reducmg uptake of "bone-seeking" 

20 isotopes, i.e.. »Y, by the bones of the patient For mstance, when the antibody of 
the kit is conjugated to a DTPA chelator, excess DTPA or any other chelator may 
be mcluded m the formulation buffer. The formation buffer is also preferably 
suppUed in a votame such that the entire contents are transferred to the reaction 
vial. As discussed above, this results in increased ease of use and reproducibility 

25 because exact volumes do not have to be measured and transferred. 

A preferred formulation buffer comprises phosphate buffered or 
physiological saline, human serum albumin and DTPA. The human serum 
albumin is preferably at a concentration of betsveen about 5 to 25% (w/v), and 
more preferably at a concentration of about 7.5% (w/v). The concentration of 
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DTPA is preferably about 1 nAl. Ascorbaie laay be used as an alternative to 
human senm albmnm, and is typicaUy used at a concentration of about 1 to 100 
mg/ml. Although a wida range of concentrations may be used wifliout 
conqnximising patiCTt sa^y. 

The kit may be siq)pUed in other aftemative embodiments depending on the 
prefiaences of the purchaser. For mstance, llie kit may fimher comprise a sterile 
reaction vial in which tie labeling reaction and dilution into fonnulation buffer 
may both be performed. Fnrflier embodinjents are envisioned whereby the bufer 
for adjusting flie pH of die radblabel is suppUed m the actnal reaction vial to cut 
down on waste. Also envisioned are kits which further comprise a vial of 
radioisotope, although it may be more feasible to order the labelmg kit in advance 
and order die radioisotope separately at a later time just before administration. 
Also envisioned are kits wliich comprise a vial of secondary protem or peptide to 
serve as eiflier a control in assessmg the binding affinity of the radiolabeled 
15 product, or m some cases to be employed in a combined therapeutic regimen widi 
the radiolabeled protein or peptide. 

Detailed Description of the Preferred Embodiments 

A "Y-labeled murine monoclonal anti-CD20 antibocfy (Y2B8) is currently 
being evaluated in clinical trials for the treatment of rel^sed B-cell lymphoma. 
The 2B8 antibody is a nmrine antibody wbkh. recognizes hnman CD20. The 
chimeric version of this antibody (Rituxan*) has recently received FDA approval 
for the treatment of non-Hodgkin's lymphoma. U.S. Application Serial No. 
08/475,813, herein incorporated by reference, discloses sequential administration 
of Rilnxan* with yttrium-labeled murine monoclonal antibody in a combined 
25 ther^)eutic regimen, wherein administration of the yttrium-labeled anti-CP20 
antibody following administration of Rituxan® is sufficient to (a) clear any 
remaining peripheral blood B cells not cleared by the chimeric anti-CD20 



20 
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ssSSbody, Co) begiii B cdl depletion from lymph nodes; or (c) begin B cell 
depletion from odier tissues. 

Thus, given the proven rfBcacy of an and-CD2(i antibody in the treatment 
of non-Ho<^kia's lymphoma, and the known sensitivity of lymphocytes to 

5 radioactivity, it would be highly advantageous for such therapeutic antibodies to 
become commercially available in kit fbmi whereby they may be readily modified" 
wifli a radiolabel and administered directly to the patient in the clinical setting. 

A radiolabeling kit for the 2B8 antibody is preferably comprised of four 
conq)onents: 1.) 2B8-MX-DTPA in low-metal normal saline at 2 mg/mL, 2.) 50 

10 mM sodium acetate used to adjust radioisotope solution to appropriate labeling pH, 
3.) fbmmlation bufBar (K PBS, pH 7.4 containing 7.5% human serum albumin 
and 1 mM DTPA), and optionally, 4.) an enq>ty 10 mL glass vial (reaction 
vial)(a "10 mL" reaction vial actuaUy holds 10 mL comfortably, and is technically 
somewhat larger than "10 mL"). All conqjonents are tested to be sterile and 

15 pyrogen-free. 

This section smnmarizes the validation of this radiolabeling kit whidi is 
sfaiqjle and easy to use and which yields radiolabeled antibodies wifli ^95 % 
radioincorporation and acceptable retention of binding to antigen-positive cells. 
An evaluation of e3q)eriniental parameters affecting binding and radioincorporation 
20 was also conducted. 



Example 1. Radiolabding Kit and Method for Labetii^ 2B8 with ^ 

A. Reagents in Radiolabeling ^if 

1. 2B8-MX-DTPA, IDEC; Lot# 082395RM2 

2. 50 mM Sodium Acetate, low-metal, BDEC; 1x0 082395RM3 

25 3. Formulation Buffer (DC PBS, pH 7.4 contaming 7.5 % (w/v) hmnan serum 
albumin and 1 mM DTPA), IDEC, Lot# 082395RM1 
4. Reaction vial, 10 mL, IDEC 



wo 00/52031 



PCTAJSOO/05078 



-18- 

Biodex Tec-Control Radioincorporation Kit, Cat.#151-770 
Gloves: powder-firee 
Stedle polypropylene syringes 
Sterile syringe needles 
SmaD tabes with closure; 1.5 ml 

Methods 

1- Preparation of TTsin p RadinlaheliTip J^ rt 

Kit reagents were prepared and fOled into glass septran vials. Typel 
10 borosilicate vials (2 or 10 mL) were rinsed wifli sterUe water for injection (WH) 
and antoclaved before filling. Butyl rubber septa were rinsed widi sterile WH and 
antoclaved before use. Reagents were manually fiUed and crimped in a Class 100 
room and tested for pyrogaiicity and sterility using USP mefliods. 

Additional Reagents: 
15 1. Yttrium-[90]: chloride salt, carrier-free, in HCl. 

Precautions: 

1. All steps should be perfomied using aseptic technique. 

2. Radiolabeling kit components should be allowed to come to room 
temperature before use. 

20 Radiolabeling protocol 

1. The volume of*>YCl3 to add to the reaction vial was calculated as foUows: 

a. The radioactivity concentration at the time of radiolabeling: 



B. 
1. 
2. 
3. 

5 4. 
5. 

C. 
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Co = Radioacdviiy concentration at time of calibration (see 
manufacture's Certificate of Analysis). 

At = Change in time (positive number is post calibration, negative 
number is pre calibration). 

Radioactivity Concentration at time of labeling = 

eO.0108(At) 

b. The volume of to add to the reaction vial: 

45mCi = Volume added to reaction vial 



10 Radioactivity Concentration 

time of labeling 

2. The volxmie of 50 mM sodium acetate to add to the reaction vial was 
calculated as follows: 

a. For '^YClj in 0.040 M Ha (Amersham): 

15 Volume ^YCl, (Step lb) x (0.8) = volume of sodram acetate to add 

b. For '^YClj in 0.050 M HCl(Nordion): 

Volume »YCl3 (Step lb) x (1.0) = volume of sodram acetate to add 



3 . The septa of the reaction vial and die sodium acetate vial were wipei with 
alcohol. Using a Icc syringe, die calculated volume (Step la or lb) of 50 mM 
sodium acetate (St^ 2) was transferred to the reaction vial. The vial was mixed 
by inverting several times. 



4. The septum of die '•^YCla source vial was wiped witii alcohol. The vial 
with a needle fitted with sterile 0.2 fan. filter. Using a Icc sterile syringe, was 
vented the required volume (Step lb) of ^YClj was transferred to tiie reaction vial. 
25 The vial was mixed by inverting several times. 
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5. The septum of the 2BS-MX-DTPA vial was wiped with alcohol. Using a 
3cc sterile syringe, 1.5 mL of 2B8-MX-DTPA was transferred to the reaction vial. 
The vial was mixed by mvertmg several tunes. 

6. The.total volume of reaction mixture was calculated by addmg the amount 
5 of Y-90 chloride added (Step 4), plus the amount of 50 mM sodium acelate added " 

(Stqj 3), plus the amount of 2B8-MX-DTPA added (Step 5). 

7. The volume of Formulation Buffer to add to the Reaction Vial to obtain a 
final volume of 10 mL was calculated by subtractmg the~total reaction volume 
calculated in step 6 from 10. 

10 8. The Formulation Buffer vial was mped with alcohol and the vial was 

vented. Due to the viscosity of the Formulation Buffer, the reaction vial usmg a 
needle fitted with a 0.20 fzm syringe filter. Using a lOcc sterile syringe fitted with 
an appropriate gauge needle, the volume of Formulation Buffer calculated m Step 
7 was transferred to the reaction vial. The vent needle was removed from the 

15 reaction vial and the vial was mixed by inverting several times (Fmal Product). 
The vial was mcubated at least 5 minutes prior to doing the "Radioincorporation 
Assay". The color of the solution was amber and the reaction vial was fliU thereby 
confirming that Formulation Buffer was added. 

9. The total radioactivity of die Final Product vial was measured using the 
20 appropriate instrumentation set for measurement of *Y. 

10. The Fhial Product was immediately stored at 2° - 8°C until reqmred for 
patient administration. 



2. Radioiacorporation Assay 
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PercCTt radioiscorpciation was uciOT^ 
chromatography (ITLC) using the Biodex Tec-Control Radiochromatographic Kit • 
according to the following protocol: 

Additional Materials and Equipment: 
5 1. ^-radiolabeled 2B8-MX-DTPA 

2. Tubes for counting radioactive TLC strips 

3. Scissors 

4. Sterile syringe, 1 cc 

5. Sterile needles, 26G 

10 6. Gamma counter or scintillation counter 
7. Pipettor 

Procedure: 

1 . The entire Biodex Operation Manual should be read first. 

2. Each radiolabeled saicple in triplicate was tested according to kit 
15 instructions; one strip per vial was developed. 

3 . To spot the radiolabeled sample on the chromatography strip, a pipettor 
was used to spot 1 ^1 on the origm line. Alternatively, one small drop dispensed 
from a 26G needle attached to a sterile Icc syringe may be spotted. Theantibody 
remains at flie origin, and unmcorporated ^-DTPA moves witii the solvent front. 

20 4. Each section was counted for activity usmg an appropriate counter, i.e. , a 
scintillation counter for adjusting for background. 
5 . The Biodex instructions for calculating the percentage of radiolabeled 
antibody were followed. 



25 



. 3. Binding Ass^ y 
Additional Reagents 
1. ^2B8-MX-DTPA 
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2. Lyophilized cdls - 

Tbe human ceU lines SB (CD20-positive) and HSB (CD20-negative) were 
obtained from American Type Culture Collectioii and cultured in T-flasks using 
RPMI-1640 containing 10% fetal bovine serum siq)plemented with 2% glutamine. 
Cultures were maintamed at 37°C and 5% CO^. Cells were typically split 1:2 
every other day and harvested at 0.5-2.5 x 10^ cells/mL and viabiUty's > 80%. 
Cell concentrations were determined using a hemacytometer and viability 
determined by trypan blue exclusion. 

Cells were harvested at ambient temperature at a cell density of 0.5-2 X 10^ 
cells/mL by centrifagation (1300 ipm in a Sorvall centrifuge) and washed twice 
with IX HBSS. Pelleted cells were resuspended to 50 x 10* cells/mL m IX HBSS 
containing 1% (w/v) bovine serum aflranmi (BSA) and 10% (w/v/) mannitol 
(lyophilization buffo), 0.5 mL dispensed into 1.5 mL polypropylene microfiige 
tubes with o-ring gaskets and stored at - 70°C, and lyophilized overnight at 30 - 60 
miUitorr. Tubes of lyophilized cells were stored desiccated at 2 - 8° C and 
reconstituted in sterile water for assays; tubes of cells lyophilized in microfiige 
tubes were stored with desiccant. 

3. Sterile water for irrigation or sterile water for injection 

4. Dihition buffer (IX PBS, pH 7.2 - 7.4 containmg 1 % Bovine Serum 
Albumin (BSA) , and 0.02% Sodium Azide) 

Procedure: 

Radiolabeled antibody sample prep 

1. The radiolabeled antibody stored at 2° - 8 °C was obtained. 

2. A volume of 10 fjL was withdrawn with a P20 and added to a L5 mL 

microfuge tube contaiiung 990 of Dilution buffer (1:100 dilution). The 
tip was rinsed and the tube was vortexed slightly. 

3. A 50 mL sterile polypropylene tube with cap was obtained and 10 mL of 
Dilution buffer to the tube, using a 10 mL serological pipette. 
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4. A volume of 35 fiL was wMidrawn with a P200 from the 1: 100 dilution 
tube and added to the conical tube contaming 10 mL of Dilution buffer. 
Mix thoroughly. 

Lyophilized Cell Prep 
5 1. Three tubes of lyophilized SB Cells were obtained. 

2. A vohnne of 0.5 mL of SWH was added to each tube, and the tubes were • 
vortKced untfl single cell suspensions were obtamed. 

3. Three empty 1 .5 mL microfuge tabes were obtained; to three of the tubes, 
0.5 mL of Dilution buffer was added, representing a conttol with no cells. 

10 Assay Protocol 

1. A volume of 0.5 mL of die diluted ''^YlBg-MX-DTPA was added to each 
tube. 

2. The tubes were placed on end over mixer for 45 mhrates, after making sure 
caps are securely tightened. 

After 45 mmntes incubation at ambient taiqjerature, die cells were pelleted 
by microcentrifugation for 5 minutes. 

4. A volume of 0.8 mL of die supernatant was transferred to scintiUation 
vials. 

5. Scintillation cocktail was added to eadi vial. 
The amount of radioactivity m each vial was determined using a 
scintillation counter, adjusting for background. 



15 3. 



20 6 



D. Re?ultg 

Reproducibility and ruggedness of die radiolabeling protocols, for Y2B8 
was evaluated by performing several validation runs usmg different lots of each 
25 radioisotope. Six validation lots each of Y2B8 were prepared by five operators . 
These lots wctc designated as follows and performed at the following fecilities: 
#1: IDEC Pharmaceuticals 
#2: IDEC Pharmaceuticals 
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TT\nf^ Tii..._ . ■ • 

■—^'-'^ X I in 1 1 1 i<ii.-cmicais 

MD Anderson Health Center 

Mayo Clinic 

City of Hope 



78.6 
87.0 
85.9 
81.8 
79.6 
80.8 



5 The results of testing, on each validation lot are summarized in Table 1. 
Table 1. Release Assay Resnlts for Y2B8 Vafidation 

l^Ot Number % RadininmTpn ration nj r.rii„^ 

1 99.5 

2 99.3 
10 3 99.4 

4 99.2 

5 99.2 

6 96.3 
Mean = 98.8 Mean = 82.3 

15 Standard Deviation = 1.24 standard Deviation = 3.4 

% CV = 1.25% CV = 4.2% 

For the six validation lots prepared, the percent binding obtained was in the 
ranged from 78.6% to 87.0%. with a mean of 82.3%. Radioincorporation values 
for Y2B8 averaged 98.8% (range of 96.3% to 99.5%). Together, these results 
20 confirm the reproducibility and ruggedness of die radiolabeling kit methods for 
preparation of Y2B8, and together indicate diat Y2B8 prepared using this 
radiolabelmg kit are suitable for use in die clinical setting. 

Example 2. Initial Evaluation of the Reaction Parameters - pH and reaction 
time 
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Kinetic studies wae initially perfonned to evaluate the radioincoipoiation and 
binding of the '^-labeled antibody (Y2B8) following labeling reactions performed 
under varying conditions of pH and reaction time. For radiolabeling reactions in 
the range of pH 3.9 to 4.7 at an incubation time of 5 min, radioincorporation was 
>96% with > 80% retention of binding to CD20-positive cells (Table 2). Similar 
results were obtained for incubation times of 3, 5, and 10 min for the range of pH 
2.9 to 4.6 (Table 3). 

Table 2. Y2B8 Radiolabelmg Kinetics: Effect of pH on Radioincorporation 
_ and Binding to CD20-Positbe Cells^ 

ReactjoB pH Radioincnrroratioii (%\ BinHinp (%) 



3.9 98.4 80.7 

4-2 97.8 81.0 

4.4 96.1 80.0 

4.6 97.0 80.2 

15 4.7 97.4 80.6 



Table 3. Y2B8 Radiolabeling Kinetics: Effect of Incubation Time on 
Radioincorporation and Binding to CD20-Positiye Cells^ 

Incubation Thna (mm\ PaHifti ncomoratinn (%) Rinrtinff (%) 
PH3.9: 3 97.0 82.0 

20 5 98.9 82.1 

10 99.2 82.3 



pH 4.7: 



3 
5 
10 



97.2 
96.7 
97.6 



82.5 
81.8 
81.5 
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* The labeling reaction results and parameter evaluation studies reported in 
Tables 2 and 3 were performed witJi 2B8 derived from a CHO ceU expression 
system; The MX-DTPA conjugate was prepared using a protocol similar to that 
used for the previously characterized 2B8^9. Reactions were performed using 
approximately 3 mg of antibody and a 4: 1 molar ratio of chelator to antibody as 

described in co-owned, copending Application Serial No. 09/ . concurrently 

filed and herein incorporated by reference. 

Lnmumoreactivities for Y2B8 preparations were determined using the 
method of Lmdmo et al. Increasing amounts of freshly harvested CD20-positive 
SB cells were mcubated with a fixed amount of Y2B8 under conditions of antigen 
excess. Recqjrocal plot analysis of the bmding data showed an immunoreactivity 
of 72.2% for Y2B8 following one trial preparation (Hgure 1). 



Examples. Evaluation of further reacdon param^ers 

15 I. Introdnction 

Experiments described in this section exanune the inqjact of protocol 
deviations on die bindmg of Y2B8 prepared using the Y2B8 RadiolabeUng Kit. 
Binding of a radiolabeled antibody may be affected by several parameters during 
the radiolabeling process (Table 4). 



Table 4 



Radiolabeling Eit Deviation 


Predicted Effect on 
Labeling Conditions 


Predicted 
Effect on 
Binding 


1.) Adding Excess Volume of ^ 


decrease pH; 
increase radiolysis 


decrease 


2.) Adding Less Volume of ^ 


no change in pH; 
decrease radiolysis 


increase or 
none 
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5 



3.) Adding Excess Volume of NaAc 


no change inpH; 
decrease radiolysis 


increase or 
none 


4.) Adding Less Volume of NaAc 


decrease pH; 
increase radiolysis 


decrease . 


5.) Adding Excess Volume of 2B8- 
MX-DTPA 


no change in pH; 
decrease radiolvsi^ 
(lower specific 
activity) 


increase 


6.) Adding Less Volume of 2B8-MX" 
DTPA 


no change in pH; 
increase radiolysis 
Oiigher specific 
activity) 


decrease 


7.) Incubating >5min. 


increase radiolysis 


decrease 


8.) Incubating <5min. 


decrease radiolysis 


increase or 
none 



The following deviations from the radiolabeling protocol were identified as 
10 those most likely to have a negative impact on bmdmg, and included: 1 .) addition 
of a lesser volume of sodium acetate 2.) addition of excess *Y chloride solution 
3.) addition of a lesser volume of 2B8-MX DTPA and 4.) exceeding the maximum 
reaction incubation tune. The inqjact of these deviations vras evaluated separately 
and simultaneously. 

15 When evaluated separately, 20% vohmie deviations m items 1-3 above 

resulted in IDEC-Y2B8 passing the release specification established for binding in 
the clinical trial, even when nicubated for 8 mm. In a study where all three 
volume deviations (1 - 3 above) were made simultaneously, only doses prepared 
using a Monday labelmg protocol (potentially the most radiolytic) and incubated 

20 for 8 min. (60 % longer than normal) were marginally below ( < 3 %) the clinical 
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release specificatioii. Iq contrast, doses prepared using a Friday labding protocol 
maintained acceptable binding results, despite the cnmnlative effects of deviations 
in all four parameters (1-4 above). For all deviations, separately and 
collectively, radbincoiporation was above tbe clinical release specification of 
5 95%. 

n. Choice of Parametf^R 

We decided that a 20% deviation from the required reagent volumes, or 
allowing the reaction time to exceed by 30% the maximum 6 min. used normally, 
represented potentially extreme deviations from the protocol used in the 

10 radiopharmacy. Lathis study we evaluate the mqjact of these deviations on the 
binding of IDEC-Y2B8. We simulated "Monday" and "Friday" labelings to 
insure that the conditions evaluated rq>resented extremes of dose preparation for 
the entire week. We also evaluated the combined effect on bmdmg when all 
deviations occur in a single dose preparation, and flie impact of these deviations on 

15 radioincorporation of the **Y. 

"Monday" and "Friday" labelings are a reflection of the concept that, since 
the ^ chloride sohition has a short half-life (64 hr), the volume of the 
radioisotope used depends on flie day ofthe week a dose is prepared. For this 
reason, the reaction vohmie for a dose prepared on a Monday is smallCT, resulting 

20 in higher a *Y concentration, possibly resulting in greater radiolysis. Therefore, 
we simulated Monday and Friday labeling procedures to insure that the conditions 
evataated represented exti:anes of dose preparation for the entire week. 

Materials and Methods 
Reagents 

"•YCla in 0.05 M HCL; Pacific Northwest National Laboratory, reagent 
grade; P.0.# 08016, 08118 

Ultrex HCL; J.T. Baker, Product* 6900, Lot# J22539 



m. 

A. 

25 1. 
2. 
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3. Sterile Water for Irrigation; Baxter, Pait#2F71 14, Loi#G924092 

4. Dilution Buffer; contains 10 mM phosphate buffered saline, pH 7.4, 1 % 
BSA; Sigma, Part* P-3688, Lot# 076H8913 

5 . IDEC Supplied Radiolabeling Kit; IDEC Part# 130018, Lol# 0129. 
containing the following: 

a. ) 2B8-MX-DTPA; IDEC Part# 129017, Lot# 0165 

b. ) 50 mM Sodium Acetate; IDEC Part# 121017, Lot# 0209A 

c. ) Formulation Buffer; IDEC Part# 120015, Lot# 0202 

d. ) Reaction Vial; IDEC Part# 122015, Lot# 0218 

6. Lyophilized SB Cells, IDEC Part# 127, Lot# 127-OOlF 



B. Materials and Equipment 

1. Pipettors (20, 200 and 1000 gL) 

2. VortexM- 

3. Metal-Free Pipette Tqis (Biorad; metal-free) 
15 4. Gamma Counter (Isodata, Model* 20-10) 

5. Glass Tubes (12 X 75 mm) 

6. Polypropylene Tubes (Costar; 15 mL and 50 mL conical, sterile) 

7. Tec-Control Biadiochromatogr^hic Kit (Biodex; Cal# 151-770) 

8. Microcentrifuge (Savant) 

20 9. Polypropylene microfiige tubes, metal-free ^iorad; Ca«# 223-9480) 



C. Methods 

1. PrepararionofY2R8 

In general, '°Y-labeled 2B8-MX-DTPA was prepared using a smaU-scale 
version of the radiolabelmg kit protocol described above as modified by the 
25 changes described below. Radiolabelmg was performed using *Y chloride stock 
concentrations of 84 mCi/mL or 29.8 mCi/mL to simulate, respectively, Monday 
or Friday dose preparations (based on a Wednesday calibration of 50 mCi/mL). 
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The concentrated **Y chloride solxition was diluted using 50 mM HCl (Ultrex, 
high-purity) in plastic "metal-free" microfixge tubes. The Ultrex (high-purity) HQ 
was dauted to 50 mM with Sterile Water for Irrigation (SWH). Radiolabeling 
reactions were performed in plastic "metalfree" microfuge tabes, 15 mL conical 
tubes, or 10 mL glass septum Reaction Vial provided m the Y2B8 Radiolabeling 
Kit 



a- SmalUScale LabelhifT tn T>redict FiiH-Scale Dnse Prpp aratinpc 
Radiolabeling reactions of 1, 3, 10, and 40 mCi were performed using 

reaction conditioiis s imulating a Monday dose preparation. Reagent volumes in. 

mLs for each, reaction are sranmarized in Table 5. 

Table 5. Volume of Reagents (mL) 

Amount (mCi) Chloride Sodhmi Acetate 2B8-MX-DTPA 

1 0.0119 0.0143 0.0333 

3 0.0357 0.0429 0.0998 

10 0.119 0.143 0.333 

40 0.476 0.571 1.33 



After a 5 min. incubation, 20 fiL sanq>les were removed and diluted with 
Formulation buffer to a final antibody concentration of 0.21 mg/mL and stored at 
2-8° C until assayed. Binding values were normalized to the 1 mCi reaction 
because 1 mCi reactions were used as controls in all subsequent experiments 
described in this report. Values reported were normalized to the 1 mCi control 
san:q)le by dividing the binding vahie for each reaction by the binding value for the 
control, ^pressed as a percentage. 
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b. Impact of Adding Vol ume of Sodmm Apit^ti^ 

For a Monday labeling. 10 mCi of »Y chloride (0.119 mL) was mixed with 
0.114 mL of 50 mM sodnun acetate. This volume of 50 mM sodium acetate 
represents a 20% decrease in the amount of buffer noimally used to prepare 
5 clmical doses of IDEC-Y2B8. Conjugated antibody (2B8-MX-DTPA) was added 
(0.333 mL), the sample mixed and then incubated at ambient tempCTature. 
Specific activity of the radiolabelmg solution was 18.9 mCi/mg antibody. At 2 
mm., 0.020 mL was removed, fiMmnlated to 0.24 mg/mL with formulation buffer, 
and stored at 2-8" C. The remainder of the radiolabeling solution was formulated, 
10 after 8 min.. to 0.24 mg/mL and stored at 2-8° "c. The protocol was repeated to 
simulate a Friday labeling, using 0.336 mL of "Y diloiide, 0.323 mL of sodium 
acetate, and 0.333 mL of 2B8-MX-DTPA. For both studies, the 1 mCi control 
reaction was performed using the "standard" conditions described above (5 min 
reaction). 

15 c. Impact of Adding Excess Volmng nf ^ Chloride 

For a Monday labeling, 12 mCi of '"Y chloride (0.143 mL) mixed with 
0.143 mL of 50 mM sodhnn acetate. This volume of '"Y represents a 20% 
mcrease in the amount of ^ required for a typical dose preparation of Y2B8. 
Conjugated antibody was added and the sample sohtion mixed and mcubated at 

20 ambient ten5>erann:e. The final spedfic activity was 22.5 mCi/mg antibody. At 2 
min., 0.020 mL was ronoved, fonmilated to 0.24 mg/mL with formulation buffer, 
and stored at 2-8" C. After 8 mm., the remainder of die radiolabeling solution was 
fonnulated to 0.24 mg/mL and stored at 2-8° C. Friday labeling was performed 
shnilarly using 0.403 mL of «>Y chloride, 0.403 mL of 50 mM sodium acetate, 

25 and 0.333 mL of 2B8-MX-DTPA (specific activity 22.5 mCi/mg antibody). For 
both studies, a 1 mCi control reaction was performed using the "standard" 
conditions described above (5 min. reaction). 
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d. Impact of Adding Less V olume nf ATitibodv rnT^ jiigatp 

For a Monday labeling. 10 mCi of »Y chloride (0. 119 mL) was mixed with 
0.143 mL 50 mM sodium acetate. Conjugated antibody (0.267 mL) was added, 
representing 20% less antibody than normally used, the solution mixed and 

5 incubated at ambient tenqjerature. At 2 and 8 min., 0.020 mL was removed, 
formulated with Formulation buffer to a final antibody concentration of 0.21 
mg/mL, and stored at 2-8 ° C untfl assayed. A Friday labeling was performed 
sfanilarly using 0.336 mL "Y chloride, 0.403 mL of 50 mM sodium acetate, and 
0.27 mL conjugate. For both studies, a 1 mCi control reaction was performed 

10 using the 'standard" conditions described above (5 min. reaction). 

e. Tmnact of Combined R eagent Deviarin^ ^jf 

The impact of a 20% deviation in volume of sodium achate, '"Y chloride, 
and conjugate was assessed simultaneously for a Monday or a Friday labeling 
protocol. For a Monday labeling, 12 mCi of »Y (0. 143 mL) was mixed witii 

15 0. 1 14 mL 50 mM sodhun acetate, representing a 20% mcrease in the amount of 
**Y chloride and a 20% decrease m the amount of sodium acetate normally used. 
2B8-MX-DTPA (0.267 mL), representing 20% less antibody than normally used, 
was added and tiie reaction mixture mcubated at ambient tenqjeratore. At 2, 4, 6, 
and 8 min., 0.020 mL was removed from tiie reaction mixture, formulated witii 

20 Formulation buffer to a final antibody concentration of 0.21 mg/mL, and stored at 
2-8" C until assayed. Friday labeUng was performed sinularly using 0.403 mL *Y 
chloride, 0.387 mL of sodium acetate, and 0.267 mL.of conjugate; 40 aiL sanq)les 
were removed at the indicated times and formulated wifli Formulation buffer. For 
both smdies, a 1 mCi control reaction was performed usmg the "standard" 

25 conditions described above (5 min. reaction). 

2. Determinati on of Radioincorp nratim^ 
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The amount of radioactivity associated with the conjugates was detennined 
according to the assay described above, using the conamercially available kit 
manufactured by Biodex (Tec-Control Radiochromatographic Kit). In general, 0.5 
- 1 /iL sanqjles were ^lied to duplicate straps using amicropipetter and 

5 developed according to the Biodex instructional insert. Strip halves were counted 
for radioactivity m glass tubes using an Isodata gamma counter with window to 
100 - 1000 KeV. The radiolabel incorporation was calculated by dividing the 
amount of radioactivity in the top half of the stxip by the total radioactivity found 
in both top and bottom halves. This value was expressed as a percentage and the 

10 mean value determined. 

3- Determination of B^ r^dii^g 

Sanq^les were analyzed for pCTcent binding to CD2Q positive cells 
following the protocol described above. However, the negative control HSB Cell 
samples were not mcluded in these e3q)ernnents, and the SB Cells were lyophilized 

15 in 5 mL vials instead of microfiige tubes. 

Essentially, all final formulated Y2B8 samples were diluted 1:100 with 
Dilution buffer (10.0 ^iL antibody + 990 \piL buffer). The antibody was 
subsequendy diluted again to an approximate concentration ranging of 8 ng/mL by 
adding 35 /iL of the 1 : 100 dilution to 10 mL of dilution buffer m a 50 mL 

20 polypropylene tube. 

Six to seven vials of lyophilized cells were reconstituted withSWH and 
pooled in a 50 mL conical tube. Reconstituted cells (0,5 mL) were then aliquoted 
out m triplicate into three 1.5 mL microfiige tubes, three tnb^ per sample being 
tested. Dilution buffer (0.5 mL) was added to three empty microfiige tubes. 

25 Diluted antibody (0.5 mL) was added to each tube, capp&l tightty, and mcubated 
at ambient temperature for 45 min. with end-over-end mixmg. After incubation, 
cells were pelleted by centrifiigaticn for 5 mm. at a setting of "6" (4000 X g) using 
a Savant microcentrifuge. Supematants from the samples (0.75 mL) were 
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transf erred to 12X75 mm glass tubes for radioactivity coimting using an Isodata 
gamma counter with energy window settings of 100 - 1000 KeV. 

Radioactivity bomid (B) to cells was calculated by subtracting the unbound 
radioactivily (supernatant) from tbe total radioactivity added. Total radioactivity 
5 was determined from the radioactivity counted in the tubes wittiout cells. Percent 
bmding was calculated by expressing the bound radioactivity as a percentage of thfe 
total. 

To minimiz e the effect of lot-to-Iot 'variability of lyophilized cells used to 
assess binding, binding values were normalized to 1 mCi Y2B8 controls prepared 
10 using "standard" labeling conditions. Control sanqiles were prepared, as stated 
earlier in this section, for each set of ejcperiments. 

D. . Results 

1- Small-Scale Labelinp tn Predict Pnll-Scale Dose Prep arations 

To insure that small-scale radiolabeling reactions were predictive of fuU- 
15 scale (40 mCO dose preparations, 1, 3, 10, and 40 mCi Y2B8 doses were 

prepared using the radiolabeling protocols described above. These results are 
shown in Table 6 and denoonstrate diat increasing the scale of the reaction mixture 
from 1 mCi to 40 mCi dose not advrasely affect buiding or radiomcorporation. 

Table 6 



20 



Amount of *YmCi 


% of Control Bindmg 


% Radioincoiporation 


1 


100 


99.2 


3 


102 


99.1 


10 


98.6 


99.0 


40 


98.2 


99.0 
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.2. Imoact nf Adrtmy T y«^fame nf SnHi^ mi Acetate 

Whea Y2B8 was prepared using 20% less volume of 50 mM sodium 
acetate, and extending the incubation time by 60% , substantial binding was 
retained, compared to tie radiolabeled antibody prepared following "standard" 
5 labeling conditions (Table 7 below). Even when the labeling reaction was 

performed using Monday labeling conditions, > 89% of the control binding was 
retained. Shnilar results were obtained for a Friday dose preparation. These 
deviations did not impact radioincorporation, regardless of the day tiie dose was 
pr^ared. 

10 3. Impact of Adding E^rcess Vnl ime of »Yttrinm Chlnriris 

When Y2B8 was prepared using a 20% access volume of '"Y chloride, m 
combination with an incubation time 60% longer than that used normally, 
substantial binding was retained, when compared to the control prepared accordmg 
to "standard" labeling conditions (Table 7 below). When the labeling reaction was 

15 increased to 8 min. , bindmg stiU remained > 90% , relative to the control, for 
eitiier a Monday or a Friday dose preparation. Adding 20% more volume of 
chloride did not inq)act radioincorporation, regardless of the day flie dose was 
prepared. 

4- Impact of Adding Less Volume of AntihnHv rnnj ,,^|o 

20 When Y2B8 was prepared using a 20 % less volume of the conjugate (2B8- 

MX-DTPA), and extending the incubation time by 60% ,binding was not 
significanfly affected, compared to Y2B8 prepared according to "standard" 
labeling conditions (Table 7 below). Adding 20% less vohme of conjugate did not 
impact radioincorporation, regardless of the day the dose was pr^ared. 
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Table? 





Monday Dose Preparatioi]^ 


Friday Dose Prqiaration?' 


Labeling Deviation 


% of Binding 
Control*' 


% 

Radioincorpoiaiion 


% of Binding 
Coniroi'* 


% 

Radioincoiporation 


1. ) 20% Less 

. Volnme of 
Sodium Acetate 

2. ^ 50% Tncr^se in 

Reaction Time 
(Smin.) 


89.4 


99.1 


92.5 


98.7 


1. ) 20%Exc^ 

Volume of ^ 

2. ) 60% Increase in 

Reaction Tune 
(Smin.) 


90.6 


99.1 


91.8 


98.6 


1. ) 20% Less 

Volume of 
Antibody 

2. ) 60% Increase in 

Reaction Tmie 
(8 min.) 


98^ 


99.0 


98.7 


98.6 



20 ■ For a Monday dose preparation, the concattration of in the reaction sohirion is 17 mri/mT tiv «>y 
coscesmtion for a Friday labeling is 8 mG/mL. 

Bindii^ values normalized to labeled antibody prepared according to clinical dose protocol (RSBR-OOS) 
using "standard" reagent volumes and a 5 miiL reaction time. 



5. Impact of Combmed Reag ent Deviations 

25 When Y2B8 was prepared using a protocol in which all four deviations were 

made simnltaneously, binding was still substantially maintained, compared to the 
radiolabeled antibody prepared using "standard" labeling conditions (Table 8 
below). Binding was still > 83%, even when a Monday preparation was 
incubated for 30% longer than the mflTiTnuTn 6 nun. used normally. 

30 Radioincorporation was not affected significantly by these cumulative deviations, 
even after an 8 min. incubation time, regardless of the day the dose was prepared. 
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TableS 






Monday Dose Prq>aration 




Labeling Time (min.) 


% of Binding Control 


%Radioiiicb^^^bii 


2 


97.6 




4 


93.7 




6 


89.5 




8 


83.2 




Friday Dose Preparadon ^^^^^ 


Labding Time (min) 


% of Binding Control 


% Radioiiicoiporatioii 


2 


98.6 




4 


98.5 




6 


. 96.0 




8 


92.1 





10 



15 



20 





y. Discussioii 

To reduce radiation exposure to operators, smaller labeling reactions o^^r^ 
evaluated instead of full-scale dose preparations. Therefore, we verifi^ 
1 mCi and 10 mCi labelings, evaluated in this study, were predictive of J 
40 mCi preparations. Results demonstrated no significant differences i^^^^v 
and radioincorporation over a range of 1 mCi to 40 mCi. 

We decided that 20% volume errors for sodium acetate, ^ chloride! 
conjugated antibody represented potentially extreme deviations in the r ad^^^jn g 
protocol. Additionally incubating for 8 min. (3 min. longer than non^^ 
viewed as a significant protocol deviation. In general, due to the short half life of 
^ chloride, the volume of radioisotope will differ depending on the day,^fe|. , . 
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dose preparatioii. Therefore, e3q)erimeiits described in this report were perfonned 

using ^ chloride at concentrations repipsentative of both Monday and Friday to 

represent the full range of possible dose preparation. 

Y2B8 doses prepared using 20 % lesser volume of sodium acetate, and 
5 incubated for 8 miiL retained significant binding ( > 89 %) relative to the standard* 

labeling conditions. Sfanilar results were obtained for doses prepared Monday or 

Friday. This deviation in sodfiom acetate vohime did not afect radioincorporation. 
Adding 20% more volume of ^ chloride, and incubating for up to 8 n±L, 

reduced bmding, relative to standard dose preparation conditi(ms, for both Monday 
10 and Friday. However, binding was sdfl > 90%, which is above die normalized 

release specification. Binding was marginally better for a Friday dose preparation. 

Radioincorporation was not significantly afBscted by the increased volume of ^ 

chloride. 

To evaluate the inipact of making simultaneously all volume deviations, 
15 Monday and Friday doses were prepared conqoaring 2, 4, 6, and 8 min. mcubation 
times. Only when Y2B8 was prepared on a Monday, using an 8 min. incubation 
time, does the binding marginally fail to meet the normalized specification (83.2% 
compared to the normalized release spedficalion of 86.3 %). 
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What iR rJaiTneH- 

1 . A mefliod for radiolabeling a chelator-conjugated protein or peptide with a 
therapeutic radioisotope for administration to a patient comprising 

(i) mixing the chelator-conjugated protein or peptide with a solution 
5 comprising the radioisotope or a salt thereof, and 

(ii) incubating the mixture for a sufficient amount of thne under amiable 
conditions such that a radiolabeled protein or peptide having sufficient purity, 
specific activity and binding specificity is achieved such that the radiolabeled 
antibody may be administered directly to die patioit without further purification. 

10 2. The method of claim 1, wherein said ther^eutic radioisotope is selected 
from the group consisting of a^ha and beta emitters. 

3. The method of claim 2, wherein said therapeutic radioisotope is a beta 
emitter. 

4. The method of claim 3, wherein said beta emitter is 

15 5. The method of claim 1, wherein said protein is an antibody or antibody 
fragment. 

6. The method of claim 4, wherein said sufficient incubation time is less thaa 
about eight minutes. 

7. The method of claim 6, wherein said sufficient incubadon thne is between 
20 about two to about five minutes. 
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8. The method of claim 1, wherein said chelator is a bifimctional chelator 
selected from the group consisting of MX-DTPA, phenyl-DTPA, benzyl-DTPA, 
CHX-DTPA, DOTA and derivatives thereof. 

9. The method of claim 8, wherein said chelator is MX-DTPA, 

5 10. The method of claim 4 wherein said amiable conditions refer to acceptable 
temperature, pH and buffer conditions. 

11 . The method of claim 10, wherein said acceptable temperature ranges from 
about 25°C to about 43 °C. 

12. The method of clann 10, wherein said acceptable pH ranges from about 3.0 
10 to about 6.0. 

13 . The method of claim 10, wherein said accq)table buffer is an acetate 
buffer. 

14. The method of claim 13, wherein said buffer is sodium acetate is at a 
concentration of between about 10 and about 1000 mM. 

15 15 . The method of claim 10, where said acceptable buffer mcludes a benign 
radioprotectanL 

16. The method of claim 15, wherein said benign radioprotectant is ascorbate. 

17, The method of claim 1, wherein a level of radioincorporation of at least 
about 95% is achieved. 
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18. The method of claim 1, wherein said binding specificity is at least 70% . 

19. The method of claim 5, wherein the antibody is labeled to a specific 
activity of at least 5 mCi/mg. 

20. A kit for radiolabeling a chelator-conjugated protem or peptide with a 
5 therq)eutic radioisotope for adnainistratioii to a patient conqjrising 

(i) a vial containing chelator-conjugated protem or peptide m an 
appropriate buffir, 

(if) a vial containing formulation buffer for stabilizing and 
administering the radiolabeled antibody to a patient, and 

10 (iii) instructions for performing the? radiolabeling procedure, such that 

when the chelator-coqugated protem or peptide is exposed to the radioisotope or a 
salt thereof for a sufficient amount of time under amiable conditions as 
recommended in said mstructions , a radiolabeled protem or peptide having 
sufficient purity, specific activity and bmding specificity is achieved such that the 

15 radiolabeled antibody may be diluted to an appropriate concentration in said 
formulation buffer and administered direcfly to the patient without further 
purification. 

21 . The kit of clann 20, wherein said ther^eutic radioisotope is an alpha or 
beta eoiitting radioisotope. 

20 22. The kit of claim 21 , wherein said th^apeutic radioisotope is a beta emitter. 

23 . The kit of claim 22, wherem said beta emitter is 

24. The kit of clann 20, wherein said protein is an antibody or antibody 
fragment. 
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25 . The kit of claim 23, wherein said snfBcient incubation time is less dian 
about eight minutes. 

26. The kit of claim 25, wherein said snffident incubation time is betweea 
about two to about five minutes. 

5 27. The kit of claim 20, wherein said chelator is a bifimctional chelator selected 
from Ihe group consisting of MX-DTPA. phenyl-DTPA, benzyl-DTPA. CHX- 
DTPA, DOTA and derivatives thereof. 

28 . The kit of claim 27, wherein said chdator is MX-DTPA. 

29 . The kit of claim 20 wherein said amiable conditions refer to acceptable 
10 temperature, pH and buffe conditions. 

30. The kit of claim 29, whereui said acc^table tenq)eratnre ranges from about 
25''C to about 43*0. 



31 . The kit of claim 29, wherem said acceptable pH ranges ftom about 3.0 to 
about 6.0. 

32. The kit of claim 29, wherein said acceptable buffo- is an acetate buffer. 

33 . The kit of claim 32, wherein said buffer is sodium acetate is at a 
concentration of between about 10 and about 1000 mM. 



34. The kit of claim 29. where said accq>table buffer mcludes a benign 
radioprotectant. 



4 
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35. The kit of claim 34, wherein said benign radioprotectant is ascorbate. 

36. The kit of claim 20, wherein a level of radioincoiporation of at least about 
95% is achieved. 

37. The kit of claim 20, wherein said binding specificity is at least 70% . 

38. The kit of claim 23, wherein the antibody is labeled to a specific activity of 
at least 5 mCi/mg. 

39. The kit of clann20 further comprising a vial of sterile buffer for at^usting 
the pH of the radioisotope. 

40. The kit of daim 39 wherein said vial comprises an acetate buffer. 

41. The kit of claim 20, wherein said formulation buffer contains physiological 
saline, a radioprotectant, and unconjugated chelator. 

42. The kit of claim 41, wherem the radioprotectant is selected ifrom die group 
consisting of human serum albumin (HSA), ascorbate, ascorbic acid, phenol, 
sulfites, glutathione, cysteine, gentisic acid, nicotinic acid, ascorbyl pahnitate, 
H0P(:0)H2, glycerol, sodram formalddiyde sulfbxylate, NajSjOj, Na^SiOs, and 

43 . The kit of claim 42 wherein the radioprotectant is ascorbate. 

44. The kit of claim 43 wherein the concentration of ascorbate is about 1 to 100 
mg/mL. 
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The kit of claim 42 wherein the unconjugated chelator is DTPA. 

The kit of daim 45 wherein the concentration of DTPA is about 1 mM. 

The kit of claim 20 further comprising a reaction vial. 

The kit of daim 20 further comprising a vial of radioisotope. 
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FIG. 1A 

Binding of Y2B8 to CD20-Positive Cells 
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FIG. 1B 

Binding of Y2B8 to CD20-Posltive Cells 
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